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(57) The present invention provides a search win - 
dow delay tracking procedure for use in a multipath 
search processor of a CDMA radio receiver. A channel 
impulse response is estimated for a received signal con- 
taining plural paths, each path having a corresponding 
path delay. A search window defines a delay profile that 
contains the plural paths of the received signal (P1-P3). 
A mean or average delay (RMS Delay-Spread) is calcu- 



lated for the estimated channel impulse response (CIR), 
and an error (e(m)) is determined between the mean CIR 
delay and a desired or target delay position of the Cir. 
search window. An adjustment is made to reduce that 
error to align the targeted position (T) of the search win- 
dow and the mean CIR delay. A Doppler frequency is 
estimated for each path. The adjustment is made taking 
into account a Doppler effect caused by relative move- 
ment between the transmitter and receiver. 
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of the search window must be updated and adjusted to keep the channel Impulse response in the middle of the search 
window . The update time should be small enough so that the delay variations of the radio channel can be tracked. 
[0009] The position of the channel impulse response within the search window changes as a result of motion of the 
mobile station (and the resulting change of propagation delay) as well as the frequency mismatch of the transmitter 
5 and receiver PN sequence generators. A window tracking unit (WTU) adjusts the position of the search window to 
keep the channel impulse response within the search window by tracking the time-varying delay between the mobile 
station PN code and the reference PN code of the base station. 

[0010] It is desirable to make the search window adaptation robust i n order to minimize the influence of noise, inter- 
ference, and fading. It is particularly difficult to keep the channel impulse within the search window under certain prop- 
10 agation conditions including, for example, slowfading conditions, e.g., 0.5 km/h-3 km/h, as well as fast fading conditions, 
e.g., 250 km/h-500 km/h. Fading is a problem because when a path in the search window "disappears" because of a 
fade, the natural response of the WTU is to adjust the position of the search window, often significantly, assuming that 
the path no longer exists. But that assumption is typically wrong because the faded path very often reappears. If the 
search window is adjusted too rapidly, it may be badly misaligned when the faded path reappears. Another area of 
15 concern is the need to use fine-tuned decision threshold(s) in search window tracking, which add to the complexity 
and delay of the tracking adjustment process. These difficulties are overcome with the present invention. 
[001 1] Thus, it is an object of the present invention to adapt the search window position in order to maintain accurate I 
alignment between the estimated channel impulse response and the search window under a wide range of propagation j 
conditions. 

20 [0012] It is also an object of the present invention to provide a robust search window delay adjustment procedure 
that minimizes the influence of noise, interference, and fading, an d in particular, takes into account a likelihood that 
faded paths may reappear. 

[0013] It is a further object of the invention to avoid the use of one or more decision thresholds to accomplish accurate 
window tracking adjustment. 

25 [001 4] The present invention provides a search window delay tracking procedure for use in a multipath search proc- 
essor of a CDMA radio receiver. A channel impulse response is estimated for a received signal containing plural paths, 
each path having a corresponding path delay. A search window defines a delay profile that contains: (1) the plura l 
muJUpath cojm^^ fo£mjng the chajnnejjn^^ (ClR) f and ( 21noise and interfer- 

encesignals at delays where the transmitted multipath components do not exist. A mean or average delay is calculated 
30 for the estimated channel impulse response, and an error is determined between the mean CIR delay a nd a targe t 
delay position, e^g., the center of the CIR search window . An adjustment is made to reduce that error so that the target 
position and the mean CIR delay are aligned. A Doppler effect associated with the received signal is taken into account 
in determining the adjustment signal. 

[0015] In particular, a Doppler frequency is determined for the received signal and used to determine a maximum 
35 rate at which the search window can be moved when it is adjusted. In other words, if a path fade occurs, the search 
window is restricted in how fast it can shift the search window in responding to the faded path. The maximum search 
window shifting rate is related to the maximum Doppler frequency of the received signal. One way of implementing 
this is to formulate a minimum dwell time (MDT) for the search window using a maximum Doppler frequency estimate 
of the received signal. The MDT is the minimum time the search window should stay in its current position before being 
40 adjusted to a new position. The MDT should not be too long because the PN generators may drift to the point where 
a search window adjustment is necessary. However, the MDT should not be too short that an adjustment is made 
before a faded path will reappear. In other words, the restricted shift rate or minimum dwell time ensures that the search 
window tracking unit on the one hand does not correct (or overcorrect) too soon and on the other hand does not correct 
too late. 

45 [0016] In a preferred example embodiment, the search window adjustment signal is determined by averaging the 
) ejTOr_between Jhe mean d elay and the target d elay posi tion using the minimum dwell time. For example, if the minimum 

dwell time isfive signal transmission frames, and the error is determined once per frame, the five errors are summed 
and divided by five to arrive at an average error. If desired, upper and/or lower limits can be used for the averaging 
period, e.g., for high Doppler frequencies, low Doppler frequencies, or both. In addition, the adjustment amount can 

50 be limited if desired. 

[0017] One example application of the present invention is to a radio base station that includes plural cells, each 
one of the cells having one or more directive antennas receives a signal from a mobile station that contains multiple 
paths. Each path has a corresponding delay. A multipath search processor at the base station includes plural channel 
estimators, one corresponding to each of the plural cells. Each channel estimator generates a delay profile within a 
55 search window containing the actual channel impulse response as well as noise and interference. A path selector in 
the multipath search processor selects paths with strongest signals from the delay profiles generated by each channel 
estimator and outputs a selected channel impulse response made up of the corresponding delay and power for each 
selected path. A^iadLow.tra.ckjng unit majntajas_alig^me^ impulse response and a target position of the 
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BRIEF DESCRIPTION OF THE DRAWINGS 
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b? e :;cr on block dia9ram ° f a ce,,u,ar radi ° sy^ h the Presen , ^ may 

Fig. 2 is a drawing illustrating multipath propagation between a mobile station and a base station; 
cSes of "iKSKSSr mU,,iPath Channe ' imPU ' Se r6SPOnSe ^ Pr ° file bating prin- 

Fig. 4 illustrates an example embodiment of a CDMA receiver in which the present invention may be employed- 
recess ,0m,at ° f a " info ™ a «- as transmitted processed and demodulated by the ^ 

p F L 7 nfi nvS? b ' 0Ck di39ram " 3 " h-B " «*■ U "« * «--» e with an examp.e embodiment of the 

Figs. 9-11 are graphs illustrating Doppler frequency relative to another parameter of interest. 
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the context of a base station r^S^S^T' Wh " e present invention * described in 

inother instances. detaileddescXs of wTlS^^ 

the description of the present invLion w^ 

some of the figures. Those skilled in the art ^"b^Z^ Z ^7' '"T bl0Cks are shown 

hardware circuitry, using software functioning T " SSn w a £ST ^ impl ™ ed «"»8 '"dividual ~\ 
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Signal Processors (DSPs). A PP |,cat '° n Specific Integrated Crcu.t (ASIC), and/or using one or more Digital 

[0020] The present invention is described in the mntn^nf a r«riM a ■■ , 

shown in Fig. 1 . A representative, circui.-swi toned "xt^cora neiwS 1 ° <f T™™ 3 " 0 " 8 ^ 10 as 
Public Switched Telephone Network (PSTN) and/or the hfinTJ^ T " C '° Ud 12 ' may be ,or exam P'a the 
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base stations (BSs) 20 and user equipment (UE)/mobile station (MS) 24 including the selection and allocation of spread- 
ing codes and diversity handovers. A base station 20 handles the CDMA radio interface to mobile station 24 and 
includes radio equipment such as transceivers, digital signal processors, and antennas required to serve each cell and 
cell sector in the network. As shown for one base station 20, each base station may include multiple cells 22, and each 

5 cell preferably includes two diversity antennas. 

[0021] Fig. 2 illustrates a simplified, dynamic multipath propagation model. While multipath propagation must be 
addressed by both mobile stations and base stations, for description purposes only, the multipath example illustrates 
a signal being transmitted from a mobile station 24 to a base station 20. The transmitted signal is received at the base 
station 20 by the diversity antennas in plural sectors 22 with each received signal having multiple paths P1 , P2, and 

10 P3. Path 1 is the direct, first received, and often the strongest path. Path 2 is reflected off a stationary object such as 
a building. Path 3 is reflected off a moving object such as an automobile. The mobile station 24 may be also be moving. 
The basic problem then for the receiver in the base station 20 is to identify each of these paths P1-P3 to determine 
their magnitude and relative delay so the three paths may be diversity-combined taking into account their respective 
delays t 1f x 2 > and T 3- 

15 [0022] Fig. 3 illustrates a graph employed to help explain principles relating to a multipath searcher used in the 
receiver. The vertical axis of the graph is received signal power. The horizontal axis is delay time intervals related to 
the rate at which the received signal is sampled. The waveform is the estimated channel impulse response and includes 
four peaks having a magnitude that exceed a detection threshold. Only the three peaks corresponding to paths P1, 
P2, and P3 are valid multipaths. The fourth peak is a false peak, but because it exceeds the threshold, it is also identified 

20 as the path. Path 1 corresponds to delay t1 , path 2 corresponds to delay x2, and path 3 corresponds to delay t3. 
[0023] The width of the horizontal axis corresponds to a search window. The length of the search window is sufficient 
to fully encompass the channel impulse response (all of the significant multipaths of the received signal) plus an ad- 
ditional offset so that the window is somewhat wider than the portion of the channel impulse response containing valid 
multipaths. More formally, the search window is defined by the number of delay values used as starting positions for 

25 correlating the received signal with the PN code in order to cover the maximum expected delay of the last-arrived, 
detected multipath component with respect to the first-arrived, detected multipath component. In this example, the 
number of complex samples corresponding to the maximum expected multipath delay is 160, and therefore, N window 
equals 160 delay positions. 

[0024] In this example of Fig. 3, the center of the search window, (A/ wndow / 2 = 80 delay positions), is set as the 

30 target position T to which the center of the channel impulse response is to be aligned. This assures that the channel 
impulse response including the strongest valid multipaths are contained within the search window for processing, e. 
g., demodulation. However, the target window position T may be set to any other position within the window. Off-center 
positions may be more advantageous for accommodating exponentially decaying power delay profiles. 
[0025] Simply choosing the strongest or the first-arrived path as an alignment point for the search window does not 

35 yield particularly accurate results, because either one of these alignment points fluctuates according to fading or noise, 
and consequently, the search window is not aligned with the channel impulse response. Instead, in the present inven- 
tion, the search window is aligned using a mean or average delay value of the channel impulse response, and the 
mean delay is determined by averaging the delays of each of the multipaths of the channel impulse response. The 
difference or error e between a target position e.g., the center of the search window N^^Jl at delay position 80 in 

40 Fig. 3, and the mean delay location at a delay position slightly less than 80 is detected. 

[0026] The present invention employs Doppler frequency in generating an adjustment signal to reduce the error 
because the validity of the channel estimates (including the power delay profile and the search window position) de- 
pends significantly on the speed of the mobile station. In general, the Doppler effect is the change in apparent frequency 
of transmitting source of electromagnetic radiation, (e.g., an RF carrier), when there is relative motion between the 

45 transmitter and the receiver. In this non-limiting example, the relative motion is caused by the movement of the mobile 
station relative to the fixed base station. The Doppler frequency of the received signal depends on velocity of the mobile 
station, the speed of light, and the chip rate of the signal transmission from the transmitter. 

[0027] The Doppler frequency may be determined in the RAKE receiver using complex channel coefficients from 
each RAKE/demodulator finger. One example algorithm that may be employed is described in commonly-assigned U. 

50 s. Patent Application Serial No. 09/812,956, entitled "Method and Apparatus for Estimating Doppler Speed." filed on 
March 27, 2001, the contents of which are incorporated herein by reference. In brief, the autocorrelation function of a 
Rayleigh fading channel is calculated using those coefficients. The position of the first zero crossing of the autocorre- 
lation function depends on the maximum Doppler frequency. The maximum Doppler spread is calculated using the first 
zero crossing. From the power density function of a Rayleigh fading channel, also known as "Jakes spectrum," paths 

55 arriving with the highest Doppler frequency contribute the highest energy to the RAKE receiver. 

[0028] As described in the background, it is difficult to keep the channel impulse response within the search window 
under certain propagation conditions including, for example, slow fading conditions, e.g., 0.5 km/h-3 km/h, as well as 
fast fading conditions, e.g., 250 km/h-500 km/h. Fading is a problem because when a path in the search window 
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antennas 0 and 1 for each six base station sectors orrSk • . . modulator 54- Signals from two diversity 
circuits 52. Each AGC eMlS22^ . * . reSP6CtiVe aUt ° ma,ic 9ain control < AGC > 
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selection unit 66 are provided to a window tracking unit 70. The number N of selected paths should be equal to the 
number of RAKE fingers, but N can also be smaller if there are not enough paths with powers above the detection 
threshold. These selected paths form a selected channel impulse response as defined above. 
[0036] The main function of the window tracking unit 70 is to keep the multipath channel impulse response at or near 
the target position T of the search window, e.g., in the middle. The search window position is corrected using a search 
window position correction signal from the window tracking unit 70 provided to the search window position and timing 
control block 56. By adjusting the phase of the generated PN code, i.e., the state of the PN generators applied to the 
channel estimator 64, the search window is effectively adjusted. Another function of the window tracking unit 70 is to 

adapt the selected path delays x^ x^ in accordance with the search window adjustments. The path delay estimation 

and path selection unit 66 provides the selected path delays, x' x' and corresponding powers ... P N to the window 

tracking unit 70. 

[0037] As explained above, a Doppler frequency estimator 72 estimates a maximum Doppler frequency f Dopp ier,max 

for the received signal. The WTU 70 uses the selected path delays x , corresponding path powers P v .. P N , and 

maximum Doppler frequency fooppier.max t0 determine the path delays x t x N , a mean delay, and a search window 

/ _ N 15 error. Using a minimum dwell time determined from fooppier.max and tne error e between a target position and the mean 
delay, a search window position correction signal is determined sent back to block 56. A chip synchronization unit 68 
determines whether an initial synchronization process is completed, and if so, sets a chip sync flag. The chip synchro- 
nization unit 68 detects that chip synchronization has been achieved if there is at least one selected path, with arbitrary 
power P k , that exceeds a detection threshold in the path selection unit 66. 

20 [0038] Referring now to Fig. 7, the window tracking unit 70 receives delays x' ,...,x' and powers P^ P N for the 

^ selected paths from the path delay estimation and path selection unit 66 and the maximum Dopier frequency fooppier.max 

from the Doppler frequency estimator 72. The window tracking unit 70 includes an error detector 100 which comprises 
a channel impulse response (CIR) mean position/delay calculator 102 connected to a summer 104 which also receives 
as an input at a subtraction terminal the target location T of the search window measured in delay intervals. The output 

25 of the summer 104 corresponds to an error signal e(m) in a processing cycle m being analyzed by controller 108, e. 
g., a processing cycle may equal one frame. Examples of the search window, mean delay, delay spread, paths P, - 
P 3 , and delays x y - x 3 are labeled in Fig. 3. 

[0039] Controller 108 processes the error e(m) taking into account the maximum Doppler frequency or minimum 
dwell time (MDT) to generate the adjustment signal A(m). The adjustment signal may optionally be limited and/or 
30 quantized before being provided to the search window position correction and timing control 56. In a preferred example 
embodiment, the adjustment signal, as is explained in more detail below, is determined by averaging the mean delay 
error over the MDT. By making the mean delay approximately constant for that MDT period, errors caused by disap- 
pearing/reappearing paths and other path detection errors are substantially reduced. 

[0040] The search window position and timing control unit 56 controls the phase of the PN sequence generator 58 
35 so that it is delayed or advanced according to the value of A(m). The adjustment signal A{m) is also used to adjust the 

selected path delays x^ x which are provided to the RAKE demodulator so that appropriate delays can be applied 

to the RAKE finger outputs for coherent addition to generate the combined output signal. 

[0041] The genera! operation for adjusting the search window is now described in the Adjust Search Window routine 
(block 120) shown in flowchart format in Fig. 8. Received signal path delays and powers corresponding to those strong- 

^ 40 est paths selected for RAKE demodulation are processed to determine a channel impulse response (CIR) mean position 
or delay (block 122). In other words, the path delays and powers of the selected paths make up the channel impulse 
response corresponding to the received signal. The CIR mean position is compared to a target position T in a search 
window (block 124) to determine an error e(m) (block 126). A maximum time varying delay or maximum Doppler shift 
for the received signal is determined (block 128). A maximum allowed shifting rate of the search window, which can 
45 be expressed as a minimum dwell time (MDT), is determined from the maximum Doppler delay shift (block 130). A 

J search window adjustment A(m) is then calculated using the error z(m) and the minimum dwell time (block 132). That 

adjustment A(m) is used to adjust the search window position relative to the CIR mean position as well as to correct 
each path delay used by the RAKE demodulator (block 134). 

[0042] Specific example parameters and equations that may be used in the window tracking unit 70 to perform various 
50 functions are now described. The mean delay, which may be defined as the first moment of the power delay profile 
(PDP), is calculated using the following equation: 
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wimlowstart position XtZSlJiSSl^i^ ^ Ume *»" *.«!«* 

of where mis an index ma Tb^^ 

[0043] The error signal e(m is obtained as th h"^ re9ard '° Path P° Wer of lhe sele <*«* paths, 
in the search window i.e. ^ ,he mea "-^'ay ^ and the target position T 

e(m) = u T (m)-r 

and to reduce the impact ofenonelsjS 
L^echann^^ 

P,h (rented in '^™t^^^ 

s Ooppier, max - 'S given by y a ay ' l e - me maximum Doppler delay shift 



» CuLlrbV^ ° f ^ m0bNe S ' a,i0n ' C the SP6ed * *« P0W0O Km/s,, and r Ch , the chip rate. It can be 



where f c denotes the earner frequency 

[0047] From the maximum doppler delay shifts li..™ ' 
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should dwell at a certain position. 



0 



MDT- , ! Ti^fl (6) 

' PDoppkr.aax I L ch 'P J 



p Doppter,max 

[0048] The controller 108 calculates the MDT In correspondence with equations (3)-(6). Afterwards, the controller 
10 calculates the adjustment signal A(m) from the error signal e(m) as function of MDT, e.g., the error is averaged over 
the MDT. The calculation of the adjustment signal A(m) can be implemented in several ways, e.g., 

(1) the adjustment signal A is an MDT-times down-sampled version of the error signal e, effectively taking a snap- 
shot of the error e every MDT frames. The error over MDT frames is not averaged because the PN generators are 

15 assumed not to drift more than 1 chip per MDT and there is no attempt made to average out the effect of fading, or 

(2) the adjustment signal A is an averaged version of the error signal e where the average length depends on the 
MDT. 



20 [0049] The example averaging option (2) may be implemented as set forth below in pseudo-code in Table 1 , where 
< ^ M 1 is a minimum number of frames to be averaged and may equal the MDT for the maximum expected fooppter,max or 

may be set to a lower, perhaps more suitable value. 



. j 40 



%inirialize variables 


MMDT » 0; 




error ~ 0; 




accLength « C 




or n « 1,2,3,4, 




% accumulate error e and minimum dwell time MDT 


% assuming that one error value and one MDT value 


% is available per frame n 


error + =» e(n); 


MMDT + - MDT(n); % mean MDT 


% compute adjustment signal every Mist frame 


if (n modulo Ml) = = 0 




accLength + « Ml; % actual averaging length 




MMDT /= Ml; % actual averaging target length 




if (accLength > - MMDT) 




* .A(n) «- error /.accLength; \ 




accLength « 6; 




error « 0; 




else 




A(n) - 0; 




end 




MMDT =» 0; % reset averaging target length 


else 


A(n) - 0; 


end 




end 





Table 1: Adjustment signal calculation pseudo code 
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assuming a minimum averaging length mV= ^iTames ? f , frequenc,es - ° ne exam P la "PP<* limit M2. 

M2 = 20*M1 = 1020 frames A lower Hmi. may tetlSZZT^ '"W^ 917 Hz (see Fig. 11). might be 
The mobile speed of SOOknVh con-esponds to ^aboul l7L™ T^fT "T 1 " m ° bile ' 25 °- 500 """h- 
mately 917 Hz. A Ooppler frequlnc 0S7 * ^ 5 °° ^ ^ponds to appraxi- 

(4) and (6) assuming ? L - S^^^^T^^T^T^- 1 M ° T ° f 56 ^ USi " 9 e9ua,ions 
an MDT=56.2 frames, lb account to D^fi^^"!!^ ? " SDop,ton - = ° ° 178 M P***™ and 
an averaging length of Ml = 51 framed T?" *" l0Wer limit may be s< * for exam P'*. to 
MDT is preferably updated via c^sponding jfl " everv Ml^me^f SP6ed chan 9 e - Tnerefor e. the 

the adjustment signal may be quaniiz^d Mo ill S , !•? mBy be Un ' imi,ed - For a ^er window. 
If the PN generator is limited to only one SIlCn2Z£ h o V CWp °' 8 2 Chif> adjUStment P er 

Ere^r^ 

sequence. A positive value of the eS!£?£Si ^ ^r^^, 0 ' time Shift ° f the 9 enerated ™ 

negative value produces an advancement oHhe oe^ra.^ pm ^ lhe 9enera,ed PN set " Jence - and a 

desirable to quantize the tracking coZ slL so tha^ln^ T™"' ^ im P ,e ™m a «°". « may be 

is a fixed relation between the da£ JfiS P^l^It mT^T^ 0 ' PNChipS - Becausa «-e 
phase influences frame, slot, and data sy.chranLCnriX " ° f PN 

of one frame period before the search^ 60^Z£ ,i ' u °" he Search window - Namel * *« a delay 
posiUon. During that time the p ZSlSlZZESJZ " ^ "^P 0 "^ to *. changed window 
already been adjusted, so for co^ ^ ^SS^^SSSZSS^i PN 58 have 

the already found path delays, until the newlySnSed ^ SSJ ' ls f neces sary to temporarily adjust 
[0054] There are a number of benefits oravided ^Thl n™7 ^ - P ? ^ a ™ e fr ° m the path se,ection 
need to use any decision ^e^l^^^^^ **• « ha window tracking unit does not 
dure. Second, the window tracking unit is EmEh^ P ? 00 C ° rTeCli0n a " d timin9 control P roce - 
within the search window. Third. jSlltS!! ^"I* ™ mtam the channel im P u '* a response 
jitter is the steady change of the me7n CH tdZ 2 X " "^k^ traCki " 9 j,t,er iS decreased Tracki "9 
position. Such jitter is decreased ^l^S^^^T? 09 1" adjuStmen ' of lhe sea «=" window 
the reduction of computational compteTretatte 31 rLZ, 9 ™" reteted t0 the first advanta 9 a * 

and timing control. Ftth. better perfSance J achfevedln ^T^T, *° SearCh Wind ° W «"«*>" 
JJJN, Particular, reappeanng faded P^^SSTaS^^ *" ^ ^"«^-*- - 

K JttSKTSS « I* — examples pro.ded 

search window. From the example set forth above determinin 9 h °w to adjust the 

tength. for an of 917 P Hz (500 amK VSSSiSiSS^^ ^ ** 

too short. This also has two conseouences Pi^ thf %7 . P 016 mean avera 9ing length would be 
decisions and jitter. »^^S^^J^S' n0t aVeraged ' causin 9 a ™n a °"s window movement 
does not use averaging. In other he JZZlSSSEZS^ '° 3 a,9 ° rithm tha * 

algorithm that does not use averaoino L^Z l^lZ avera 9'ng solution is lower than that of a window tracking 

more "compromise" »S!^mJSSSSS tf! adjUStment *« A ' Thus ' ona - 
a known Doppler frequency signaf P^etermmed based on MDTs that are likely to occur in a system given 

EintTrit^ 

illustrated herein. Different fom,ate emboZlHnH h , ? l ° Specific emb ° d iments described and 
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while the present invention has been described in relation to its preferred embodiments, it is to be understood that this 
disclosure is only illustrative. Accordingly, it is intended that the invention be limited only by the scope of the claims 
appended hereto. 



Claims 

1. A method for use in a radio receiver comprising the steps of: 

estimating a channel impulse response for a received signal containing plural paths, each path having a cor- 
responding path delay; 

calculating a mean delay for the estimated channel impulse response (CIR) using plural path delays; 
determining a delay error between the mean CIR delay and a desired delay position; and 
determining an adjustment signal to reduce the delay error taking into account a Doppler effect associated 
with the received signal. 

2. The method in claim 1 , wherein a CIR search window defines a delay profile that contains the plural paths of the 
received signal. 

3. The method in claim 2, further comprising: 

determining a Doppler frequency for the received signal; 

using the Doppler frequency to determine a shifting rate of the search window; and 
using the shifting rate in determining the adjustment signal. 

4. The method in claim 3, further comprising: 

determining a maximum Doppler frequency for the received signal. 

5. The method in claim 4, wherein the shifting rate is expressed as a minimum dwell time (MDT). 

6. The method in claim 5, further comprising: 

calculating the adjustment signal using the error and the MDT. 

7. The method in claim 6, wherein the adjustment signal is an MDT-times, downsampled version of the error signal. 

8. The method in claim 6, wherein the adjustment signal is an average of the error signal over an averaging length 
that depends on the MDT. 

9. The method in claim 2, further comprising: 

selecting optimal ones of the plural paths based on the estimated channel impulse response; 
demodulating each of the selected paths based on its corresponding delay; and 
combining the demodulated paths to generate a demodulated received signal. 

10. The method in claim 2, the calculating step further comprising processing path delays and powers corresponding 
to the selected paths to determine the mean delay in accordance with the following: 



mean_delay 



In M 
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where Wis the number of selected paths, t' era 1 W 

path powers. * 1 ' are path delays, and P k are the corresponding 

11. The method in claim 1, further comprising: 

adjusting delays for selected paths using the adjustment signal. 

" ^^XiSS^°^ *** aSSOdated W " h "» «— *- > -timated based on a 

Sa^^^^ 
profile containing plural pa^ 

selecting optimal ones of the plural paths from the delay profiles- 
calculating a mean delay from the selected paths- 
determining a delay error between the calculated mean delay and a desired delay and 

15. The method in claim 14, further comprising: 

determining a Doppler frequency for the received signal- 

2 lie SSSSr^TT t0 de,em,ine 3 Shimng ra,e ' of the search «*»**: and 
using the sh.fting rate in determining the adjustment signal. 

16. The method in claim 15. wherein the Dopp.er frequency is predetermined based on certain assumption, 

- Wherei " D ° PP,er * -«-.ed based on a measurement of the received 

18. The method in claim 1 5, further comprising: 
determining a maximum Doppler frequency for the received signal. 

19. The method in claim 18. wherein the shifting rate is expressed as a minimum dwell time (MOT). 

20. The method in claim 19. further comprising: 
calculating the adjustment signal using the error and the MDT. 

21. Themethod in claim 20. wherein the adjustment signal is an MDT-times.down-sampled version of the en-or signal. 
- ^Z^SSS^ adjUS,ment Si9na ' iS a " ~- °"»» - an averaging length 

23. The method in claim 14, further comprising: 

SSr? ° f t !; e | Se,eCted P aths usin 9 jts corresponding delay; and 
combining the demodulated paths to generate a demodulated received signal. 

24. The method in claim 14, further comprising: 



40 



45 
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adjusting delays for selected paths using the adjustment signal. 

25. A search window tracking unit for use in a radio receiver receiving a transmitted signal having plural paths, com- 
prising: 

5 

a processor configured to receive delay and magnitude values associated with selected paths of the received 
signal and determine a position of a channel impulse response (CIR) corresponding to the selected paths; 
a controller configured to determine a position of a search window used to locate the channel impulse response 
that takes into account a Doppier effect on transmitted signals. 

10 

26. The search window tracking unit in claim 25, wherein the Doppier effect is predetermined based on certain as- 
sumptions. 

27. The search window tracking unit in claim 25, wherein the Doppier effect is estimated based on a measurement of 
15 the received signal. 

28. The search window tracking unit in claim 25, wherein the controller includes: 

an error detector configured to determine an error between the CIR position and a position of a search window 
20 used to locate the channel impulse response, and is further configured to generate an adjustment signal to 

reduce the error taking into account a relative movement between the receiver and a transmitter of the trans- 
mitted signal. 

29. The search window tracking unit in claim 28, wherein the processor is further configured to: 

25 

estimate a Doppier frequency for the received signal; 

use the Doppier frequency to determine a shifting rate of the search window; and 
use the shifting rate in determining the adjustment signal. 

30 30. The search window tracking unit in claim 29, wherein the processor is further configured to: 

estimate a maximum Doppier frequency for the received signal. 

31. The search window tracking unit in claim 30, wherein the maximum Doppier frequency is expressed as a minimum 
35 dwell time (MDT). 

32. The search window tracking unit in claim 31 , wherein the controller is further configured to calculate the adjustment 
signal using the error and the MDT. 

40 33. The search window tracking unit in claim 31 , wherein the controller is further configured to calculate the adjustment 
signal as an MDT-times, down-sampled version of the error signal. 

34. The search window tracking unit in claim 31, the controller further configured to calculate the adjustment signal 
as an average of the error signal over an averaging length or period that depends on the MDT. 

45 

35. The search window tracking unit according to claim 34, wherein the averaging period is MDT frames. 

36. The search window tracking unit according to claim 35, wherein the averaging period is limited for high Doppier 
frequencies, low Doppier frequencies, or both. 

50 

37. The search window tracking unit according to claim 25, wherein the controller is further configured to determine a 
mean position of the channel impulse response (CIR) and the error detector is configured to determine the error 
as a difference between the mean CIR position and the position of the search window. 

55 38. The search window tracking unit according to claim 25, further comprising: 

a limiter configured to limit the adjustment signal. 
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39. A radio base station comprising: 



windows. P VS f0r the selected paths according to the adjustment to the search 

adjustment signa. used to shift each of the search S3£5 2^55^"'^ P ° SI "° n - ^ 9enera ' e 
46 ' Ime SST S,ati0n ln C ' aim * Wh6rein ^ is expressed as a minimum dwe.i 

50 "fie;:s 

51. The radio base station in Cairn 44. wherein the window tracking unit is further configured to ,im« the adjustment 
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Fig. 4 
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Fig. 8 
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